Over the last decades, researchers have become increasingly aware of the complexity of the Quaternary glacial -interglacial cycles. Correlation of continental sites with (sub)stages of the oxygen isotope record and with other sites has proven to be difficult. In order to be able to address questions that go beyond analysis of single sites it is necessary to have a rigid chronological framework.
neous and that considerable changes have taken place both between and within the warm stages (Currant, 1989) .
Over the last decades, increasing knowledge of the glacial-interglacial cycles as documented in the oxygen isotope record of foraminifera in deep-sea sediments (Emiliani, 1955; Shackleton & Opdyke, 1973) has led to the recognition that the climatic cycles of the late Middle Pleistocene were more complex than previously thought. Attempts to correlate the continental glacials and interglacials with marine oxygen isotope stages led to much research and discussion. Correlation of the Eemian and Ipswichian with oxygen isotope stage (OIS) 5e, based on direct correlation of oxygen isotope values of pollencontaining cores and absolute dating (e.g. Shackleton, 1969; Gascoyne et al., 1981; Turon, 1984; Sánchez Goñi et al., 2000) , is generally accepted. Correlation of the conti-
-INTRODUCTION
The late Middle Pleistocene (≈ 400,000 -125,000 years BP) in northwest-central Europe begins with the first major cooling of the Elsterian glaciation and ends at the beginning of the Eemian Interglacial (Turner, 1996; Gibbard & Van Kolfschoten, 2004) . In the British Isles, the late Middle Pleistocene is defined as the period from the Anglian glaciation to the beginning of the Ipswichian Interglacial. Until recently, three glacials (the Anglian, Wolstonian and Devensian) and two interglacials (the Hoxnian and the Ipswichian) were recognised in the late Middle and Late Pleistocene of the British Isles, based mainly on the study of glacial sediments and pollen analysis (Mitchell et al., 1973) . However, this forced mammal researchers to assume that the faunal assemblages dated to each of the warm stages were heteroge-nental Saalian, Holsteinian and Elsterian with the oxygen isotope record, however, is still a matter of debate (for a recent overview of the debate see Geyh & Müller, 2005) . However, the evidence seems to point to a correlation of the Holsteinian with the British Hoxnian. Because of the severity of the Anglian and the pronounced warm character of the Hoxnian, these periods are usually correlated with OIS 12 and OIS 11, respectively (Shackleton, 1987; various authors in Bowen, 1999; Gibbard et al., 2004) . This implies the presence of two previously unrecognised temperate periods, OIS 9 and OIS 7, between the Holsteinian / Hoxnian and the Eemian / Ipswichian.
In the British Isles, evidence for these additional temperate periods has come from terrace stratigraphy, mammalian faunas and amino acid stratigraphy (Bridgland, 1994; Schreve, 1997; Penkman, 2005) . Because of the contested nature of the correlation of the Holsteinian with OIS 11 and the apparent lack of sites dating from OIS 9 and OIS 7, correlation of sites from the European mainland with the deep-sea oxygen isotope record remains problematic. The chronostratigraphy of the late Middle Pleistocene of the British Isles, on the other hand, is robust and generally accepted. Study of the British faunas can thus provide a template for the study of faunas from the European mainland.
-BIOSTRATIGRAPHY OF THE BRITISH ISLES
The Anglian glaciation caused the diversion of the River Thames from a more northerly course into its present valley (Bridgland, 1994) . This diversion was followed by incision due to progressive uplift, leading to the development of a terrace staircase (Maddy & Bridgland, 2000) . In the Lower Thames valley, four terraces have been recognised above the current floodplain, with temperate deposits occurring in each of the four terraces (Bridgland, 1994, see fig. 1 ). These interglacial deposits are considered equivalent to OIS 11, 9, 7 and 5e, respectively. Based on an analysis of the mammal faunas from the Lower Thames terraces, Schreve (1997) formulated a biozonation for the British late Middle Pleistocene. Each interglacial is characterised by a distinct fauna, but due to the severity of the climate during a large part of the glacial stages, the glacial faunas are poorly known. Similar results have been obtained for the terrace sequences and corresponding faunas of other British rivers (Schreve, 1997; Bridgland & Schreve, 2001) . Recent developments in amino acid geochronology have led to corroboration of the biostratigraphic scheme (Penkman, 2005) .
Due to their geographical location, the British Isles underwent drastic fluctuations in climatic conditions during the glacial-interglacial cycles of the late Middle Pleistocene. In addition, short periods of insularity are postulated for at least some of the interglacial periods concerned. From evidence of raised beaches, estuarine influences in the rivers and molluscan and vertebrate faunas it seems likely that a southern connection between the North Sea and the Atlantic Ocean existed during the warmest parts of OIS 5e and OIS 7, and probably OIS 9 (Keen, 1995; Sutcliffe, 1995; White & Schreve, 2000) . Temperate and cold-adapted species migrated in and out of the British Isles throughout the late Middle Pleistocene, limited in their movement and isolated from conspecifics on the European mainland by periods of insularity. In some periods, a reduced diversity and specific adaptive responses differentiate the British faunas from those of mainland Europe (Schreve & Bridgland, 2002) . The potential for observable differences between the faunas of the various interglacial stages is therefore high.
The influence that strong environmental fluctuations and periods of insularity exerted on the composition and adaptations of the mammal fauna limits the application of the faunal data to the British Isles. However, the good Fig. 1 : Section transverse idéalisée de la Tamise, montrant la position stratigraphique des sédiments interglaciaires associés et la corrélation proposée avec les données obtenues à partir de la courbe isotopique de l'oxygène. Modifiée d'après Bridgland, 1994. chronostratigraphic control, paired with ample environmental information, can be utilised to assess the way in which various species adapted to changing environments through time. This knowledge can then be used to analyse the adaptations of the same species on the European mainland, and can aid in the development of a biostratigraphic framework for other parts of Europe.
-MIDDLE PLEISTOCENE CABALLOID HORSES
The caballoid horse lineage is one of the few large mammal lineages that show a clear evolutionary trend during the Pleistocene. Remains of horses occur in abundance on many important late Middle Pleistocene archaeological and palaeontological sites. Horses are wide-ranging geographically, have a high dispersal potential and occurred both in warm and in cold periods. These characteristics greatly enhance their usefulness for biostratigraphic purposes (Savage, 1977; Lister, 1992) . Caballoid or true horses are thought to have evolved from the more primitive stenonid horses during the Early Pleistocene (Forstén, 1988) . During the early Middle Pleistocene, caballoid horses became more numerous and gradually replaced the various stenonid species in Europe.
The evolution of the caballoid horse lineage during the Late Pleistocene in Europe has been the subject of much research, with some research extending into the Middle Pleistocene (e.g. Nobis, 1971; Eisenmann, 1991a, b; Forstén, 1993) . The Late Pleistocene horses are characterised by a decrease in size, with a reduction in size in the limb bones becoming apparent from 100,000 years ago, and a possible decrease in size of the dental elements from 200,000 years ago (Eisenmann, 1991b) . In addition to changes in size, changes in shape took place, especially morphological changes in the metapodials and phalanges as a result of the increasing adaptation of the equids to a cursorial way of life, which led to monodactyly through the reduction of the lateral toes, a loss of flexibility in the foot and the development of the automatic spring mechanism (Sondaar, 1968; MacFadden, 1992) .
During the Middle Pleistocene, horse size fluctuated around a mean with no net trend, implying evolutionary stasis (Forstén, 1993) . Fluctuations in size and shape are expected as ecophenotypic responses to the rapidly changing environments of the Pleistocene. Studies of later horse populations have shown that, although the caballoid horses are relatively homogeneous in their morphology, there is variation between local populations which might be related to adaptations to local conditions (Forstén, 1993; Bignon, 2003 Bignon, , 2008 . The size fluctuations and the morphological adaptations of the caballoid horses can therefore be of use for the biostratigraphy of the late Middle Pleistocene of the British Isles. A complicating feature of horse size and shape is that, although the minimum and maximum size to which an individual can grow is under genetic control, many factors can influence the size and shape of the bones. These factors include age, sex, genotype, genetic exchange, migration, physical condition, habitat quality, temperature, humidity, population size, inter-and intra-specific competition and predation. It should be kept in mind that animals generally experience a variety of selection pressures at the same time, and different selection pressures can select for similar characteristics or adaptations.
An analysis of the differences and similarities between horse remains from different oxygen isotope stages might shed light on the influence of the factors listed above on the size and shape of the bones. Research on the British horse material can also aid in assessing the potential of horse material for answering biostratigraphical questions, and indicate whether horse material could be of use in distinguishing between sites of different oxygen isotope stages in continental Europe. location of the sites). The provenance of some of the material from these sites is unclear, and only material that could with certainty be attributed to the interglacial or glacial concerned was included in this research. The interglacial material is correlated with OIS 11 (Hoxnian), OIS 9 (Purfleet interglacial) and OIS 7 (Aveley interglacial). Horses are noticeably absent from OIS 5e (Ipswichian) faunas in the British Isles. Two glacial periods, OIS 8 and OIS 6, also produced sites with horse remains. Horse remains from the British Isles dating from this time period are commonly referred to Equus sp. or Equus ferus.
-MATERIAL AND MEASUREMENTS
Dental elements, metapodials and first phalanges were analysed for size and shape differences. These elements are relatively numerous in fossil assemblages, and exhibit specific adaptations to diet and locomotion. In addition, they underwent long-term evolutionary developments. Dental elements are expected to be less variable than limb bones, as the former are under genetic control, whereas the latter are more environmentally plastic (Hillson, 2005) . Horses display very little sexual dimorphism or adult age variation (MacFadden, 1992) , and only the permanent dentition and leg bones with fully fused epiphyses were used in this study.
Measurements on the metapodials were taken according to Eisenmann (1979) and measurements on the first phalanges follow Dive & Eisenmann (1991) . For the dental material, length, width and height, and in the upper third and fourth premolars and upper first and second molars the length of the protocone, were measured according to Musil (1969) . Furthermore, the ratio of protoconal length to total length was calculated for upper premolars and molars (protoconal index or IP, Lprot / L x 100%). Since it is very difficult to distinguish between the third and fourth premolar and between the first and second molar, especially in isolated specimens, these are analysed together, as third / fourth premolar and first / second molar respectively. All measurements were taken with vernier callipers and recorded to the tenth of a millimetre. In the following sections, the maxillary dentition will be indicated as P2-4 and M1-3 and the mandibular dentition will be indicated as p2-4 and m1-3. Measurements on the metapodials and the first phalanges will be abbreviated with "V", e.g. V1 = variable 1.
-STATISTICAL METHODS
Since a fundamental aim of this study is to investigate whether assemblages of horse remains from different oxygen isotope stages can be distinguished from each other based on their size and shape, the data were divided into groups based on the attribution of the remains to specific oxygen isotope stages. Statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS) version 15.0. The sample of each oxygen isotope stage was tested for normality with the Shapiro-Wilk test when n ≤ 50 and the Kolmogorov-Smirnov test when n >50. Hereinafter, it can be assumed that all data are normally distributed unless specified otherwise. When appropriate, nonparametric tests were used. Differences between the morphology of horses of the different oxygen isotope stages were tested using one-way analysis of variance (one-way ANOVA) for data that were normally distributed, and the Kruskal-Wallis test for non-normally distributed data. This was repeated for each element (maxillary dentition, mandibular dentition, metacarpals, metatarsals, anterior and posterior phalanges). Where a posteriori tests were appropriate (i.e. for those analyses in which the ANOVA showed a significant difference), Tukey's HSD test was used for data in which variances were homogeneous, and Tamhane's T2 multiple comparison test was used for samples with unequal variances. Results for all the tests were considered to be significant if p ≤0.05.
The data on the leg bones were analysed using log ratio diagrams. The log ratio technique was introduced for palaeontological material by Simpson (1941) . Log ratio diagrams represent various measurements on the same anatomical element in such a way that the vertical distances between the different measurements express their relative sizes (the ratios of their dimensions). Another result of converting absolute measurements to logarithms is an exaggeration of small values and a minimisation of large values, making it easier to compare the ratios of different specimens (Simpson et al., 1960) . In order to create a log ratio diagram, all measurements are converted to their logarithms. One specimen or group of specimens is taken as the standard of comparison, representing the base line or reference line of the diagram. In this study, the standard chosen is a sample of Equus hemionus, as this is the species most commonly used as a standard for log ratio diagrams of Pleistocene horse remains (e.g. Eisenmann, 1979; Dive & Eisenmann, 1991) . For the other specimens or groups of specimens, the difference between their logarithmic values and the logarithmic values of the standard is calculated and plotted on a graph. A line is drawn to connect the values of the different measurements for each specimen or group of specimens, and the closer the lines are in a vertical aspect, the more similar the size of the specimens. Similarity in the profile of the lines reflects similarity in the proportions of the specimens. The order in which the measurements appear in the diagrams is chosen according to their usefulness in comparing different samples and the differential survival of different parts of the bone, such that measurements that often cannot be taken on incomplete specimens are at both ends of the axis (Eisenmann 1979).
-RESULTS

-MAXILLARY DENTITION (TAB. 2 & 3)
There is no material from OIS 8. The lengths of the M1/2 of OIS 7 and the protoconal lengths of the M1/2 of OIS 6 are not normally distributed (OIS 7 LM1/2: n = 77, Kolmogorov-Smirnov test statistic = 0.122, df = 77, p = 0.006; OIS 6 LprotM1/2: n = 28, Shapiro-Wilk test statistic = 0.925, df = 28, p = 0.047). The Kruskal-Wallis test is significant for both measurements (LM1/2: n = 139, chi-square = 20.542, df = 3, p = 0.000; Lprot M1/2: n = 138, chi-square = 11.595, df = 3, p = 0.009). The ANOVA indicates that there is a significant difference between the samples of the different oxygen isotope stages for all elements except the lengths of the P2 and the protoconal lengths of the P3/4 (tab. 4). The post-hoc tests indicate significant differences in all measurements between the material of OIS 6 and the 441 Tab. 2: Mean values of measurements on the maxillary dentition of Middle Pleistocene horses from the British Isles. Measurements according to Musil (1969) ; L = length, W = width, Lprot = length of the protocone. Tab. 2 : Valeurs moyennes des dimensions des dents jugales supérieures des chevaux du Pléistocène moyen des îles britanniques. Mesures d'après Musil (1969) ; L = longueur, W = largeur, Lprot = longueur du protocone.
Tab. 3: Protoconal indices (IP) of the maxillary dentition.
Tab. 3 : Indices protoconiques des dents jugales supérieures.
Tab. 4: Results of ANOVA of measurements on the dentition (data from tables 2 & 5). Tab. 4 : Résultats de l'ANOVA à partir des dents jugales (données des tableaux 2 & 5). material of all other oxygen isotope stages, except for the widths of the M1/2 and both the lengths and widths of the M3, for which there is no significant difference between the material of OIS 11 and OIS 6.
Differences in the protoconal indices (IP) of the upper premolars and molars have been correlated with specific climatic trends (Eisenmann, 1991b) . Relatively short protocones result in a low IP, whereas relatively long protocones result in a high IP. Eisenmann (1991b) characterised three types of caballoid horses based on their protoconal indices. Type I horses have shorter protocones on the P3/4 than on the M1/2, and are generally found in temperate climates. Horses of Type II have relatively long protocones on the P3/4 and relatively short protocones on the M1/2, and are often correlated with cold climatic conditions. Type III horses are characterised by short protocones on the P3/4 and especially on the M1/2. These horses occur in cold to cool environments. However, these environmental correlations cannot be regarded uncritically, as there is currently no functional model to correlate the relative length of the protocone to environmental adaptations.
The protoconal indices (IP) of the British late Middle Pleistocene horse P3/4 and M1/2 are varied (tab. 3). The indices of the OIS 11 dental elements are typical of Type III, whilst those of the OIS 9 and OIS 7 material are indicative of Type I. The indices of the OIS 6 horses are ambiguous, but since only horses of Type II have long protocones on the P3/4, the OIS 6 material is attributed to this type.
For all elements, the material from OIS 6 is smaller in size than that of the other three oxygen isotope stages. In the data for the P3/4 and the M1/2, the material of OIS 11, 9 and 7 clusters together. The P2 data show a decrease in size from OIS 11 to OIS 7, but the P2 of OIS 9 is relatively wide. In the data for the M3, the material of OIS 11 and 7 forms a cluster, with the OIS 9 material being clearly broader.
-MANDIBULAR DENTITION (TAB. 5)
There is no material from OIS 8. The widths of the m1/2 of OIS 6 are not normally distributed (n = 13, Shapiro-Wilk test statistic = 0.849, df = 13, p = 0.028). The Kruskal-Wallis test produces a significant result for this measurement (n = 116, chi-quare = 18.668, df = 3, p = 0.000). The ANOVA produces a significant result for the lengths of the p3/4, the m1/2 and the m3 (table 4) . The results of the post-hoc tests show that the differences concentrate on the material of OIS 6, although the lengths of the m1/2 are significantly different between the OIS 11 and the OIS 9, 7 and 6 material.
Again it can be observed in all elements that the material from OIS 6 is smaller in size than that of the other three oxygen isotope stages. In the data for the p3/4 and the m3, the data for OIS 11, 9 and 7 cluster together. The data for the p2 of OIS 9 and 7 are clustered and are characterised by relatively narrow widths. The data for the m1/2 also shows a clustering of the OIS 9 and 7 material, with the OIS 11 material being larger.
-METACARPALS (TAB. 6)
The data for V3 on the OIS 6 material are not normally distributed (n = 10, Shapiro-Wilk test statistic = 0.819, df = 10, p = 0.025). The Kruskal-Wallis test is significant for this measurement (n = 63, chi-square = 15.815, df = 4, p = 0.003). The ANOVA indicates that there is a significant difference in all measurements between metacarpals from different oxygen isotope stages (tab. 7). Two clusters of data emerge from the post hoc tests: there are no significant differences between OIS 11, 8 and 7 on 442 Tab. 5: Mean values of measurements on the mandibular dentition of Middle Pleistocene horses from the British Isles. Measurements according to Musil (1969) ; L = length, W = width. Musil (1969) ; L = longueur, W = largeur. , 1979: 881) the one hand and few between OIS 9 and 6 on the other hand. The differences of OIS 11 and 7 with OIS 9 concern length and both the proximal and distal epiphyses. The differences of OIS 11 and 7 with OIS 6 concentrate on the distal epiphysis. The differences of OIS 8 with OIS 9 and 6 are relatively small and can be found in the proximal epiphysis.
Tab. 5 : Valeurs moyennes des dimensions des dents jugales inférieures des chevaux du Pléistocène moyen des îles britanniques. Mesures d'après
Tab. 6: Mean values of measurements on the metacarpals of Equus hemionus (Eisenmann
The results of the statistical analysis are reflected in the log ratio diagram (fig. 3 ). The first aspect to note is that the two clusters of data that stand out in the statistical analysis also stand out in the diagram: the material of OIS 11, 8 and 7 is larger than that of OIS 9 or 6 on an absolute scale for all measurements. The material of OIS 11, 8 and 7 is similar in shape. The distal keel is relatively more developed in the OIS 11 and 7 material (V12, 13 and 14), and much less so in the OIS 8 material.
The metacarpals of OIS 9 are relatively narrow proximally (V5, 7). The sagittal keel of the distal epiphysis is relatively well-developed (V12, 13 and 14). The material has some primitive evolutionary features, with a large breadth over the supra-articular tuberosities relative to the breadth of the distal epiphysis (V10 and 11). This seems to be a reversal of the long-term evolutionary trend of reduction in breadth over the supra-articular tuberosities (Eisenmann, 1979 ). In the OIS 11 material, the breadth of the epiphysis is relatively large, and in the OIS 8 material, this breadth is increasing again, in OIS 7 leading to horses with a distal epiphysis of similar shape to those of OIS 11. The relatively narrow articular surface for the magnum (V7) is another primitive feature found in the OIS 9 material.
The material of OIS 6 is small in size and relatively robust, characterised by large breadths (V5, 7 and 11) relative to length (V1), and a strongly developed proximal epiphysis (V5, 6 and 7). However, the breadth over the supra-articular tuberosities (V10) is relatively small as a result of the long-term evolutionary trend of reduction in breadth over the supra-articular tuberosities. In the same context, the large size of the articular surface for the magnum (V7) should be noted.
-METATARSALS (TAB. 8)
There is insufficient material available for OIS 11 to merit a statistical analysis, therefore the OIS 11 sample is not included in the statistical analysis. The data for V3 on the OIS 7 material are not normally distributed (n = 46, Shapiro-Wilk test statistic = 0.895, df = 46, p = 0.001). The data for V3 are compared using the Kruskal-Wallis test, which yields a significant result (n = 87, chi-square = 26.541, df = 3, p = 0.000). The ANOVA indicates significant differences between the samples of the 443 Tab. 7: Results of ANOVA of measurements on the metacarpals (data from table 6). Tab. 7 : Résultats de l'ANOVA à partir des métacarpiens (données du tableau 6).
Fig. 3: Log ratio diagram of metacarpals from the British Isles.
Reference line: Equus hemionus (data from table 6). Fig. 3 : Diagramme des rapports des métacarpiens des îles britanniques. Ligne de référence : Equus hemionus (données du tableau 6). Eisenmann, 1979: 881) different oxygen isotope stages for all analysed measurements, except for V8 (tab. 9). The post-hoc tests again indicate that the data for OIS 8 and OIS 7 cluster, with a second cluster being formed by the data for OIS 9 and OIS 6. There are relatively few differences between OIS 9 and OIS 8. The differences between OIS 9 and OIS 7 can be found in both epiphyses, whereas OIS 8 and 7 differ from OIS 6 both in the epiphyses and in length.
Tab. 8: Mean values of measurements on the metatarsals of Equus hemionus (
In the log ratio diagram ( fig. 4) , it is apparent that the horse metatarsals of OIS 6 are again of small size. The length of the OIS 9 material is closer to those of the other oxygen isotope stages, but most other dimensions are clearly smaller. There are more differences in shape than in the metacarpals, with the material of OIS 8 and OIS 7 being the most similar in shape.
Since the graph of OIS 11 is based on only two specimens, one of which is incomplete, conclusions based on this material should be regarded as preliminary. The available material has a relatively slender diaphysis (V3 and 4), a broad proximal epiphysis (V5) and a welldeveloped distal epiphysis (V10, 11, 12, 13 and 14) . As a primitive evolutionary feature, the facet that articulates with the ectocuneiform (V7) is relatively weakly developed on the single metatarsal on which this measurement could be taken.
The metatarsals of OIS 9 have relatively small depths (V4 and 6). The distal keel is not well-developed (V12, 13 and 14), but the breadth over the supra-articular tuberosities is small relative to the breadth of the distal epiphysis (V10 and 11). Another evolutionarily advanced feature is the large facet for the ectocuneiform (V7).
The diaphysis of the material of OIS 8 and 7 is relatively broad (V3), but both the proximal epiphysis and the distal sagittal keel are weakly developed (V5, 6, 12, 13 and 14) . The facet that articulates with the ectocuneiform (V7) is fairly large. In the OIS 6 material, breadths are relatively large (V3 and 5) whereas depths are relatively small (V4 and 6). The articular facet for the ectocuneiform is fairly large (V7). The distal epiphysis is relatively strongly developed (V11, 12, 13 and 14).
-ANTERIOR FIRST PHALANGES (TAB. 10)
There is no material from OIS 8. For most measurements on the OIS 11 material, there are insufficient data to test for normality. The data for V6 on the OIS 9 material are not normally distributed (n = 4, Shapiro-Wilk test statistic = 0.759, df = 4, p = 0.047), and these data are therefore compared using the Kruskal-Wallis test, which produces a non-significant result. The ANOVA indicates significant differences in the data for V1, 4, 5 and 12 (tab. 11). The post-hoc test for these data shows significant differences between OIS 7 and OIS 6 and between OIS 11 and OIS 7 and 6 in the length measurements.
From the log ratio diagram ( fig. 5) , it is obvious that the phalanges of the different periods are similar both in 444 Tab. 9: Results of ANOVA of measurements on the metatarsals (data from table 8). Tab. 9 : Résultats de l'ANOVA à partir des métatarsiens (données du tableau 8).
Fig. 4: Log ratio diagram of metatarsals from the British Isles.
Reference line: Equus hemionus (data from table 8). Fig. 4 : Diagramme des rapports des métatarsiens des îles britanniques. Ligne de reference : Equus hemionus (données du tableau 8).
Fig. 5: Log ratio diagram of anterior first phalanges from the British Isles.
Reference line: Equus hemionus (data from table 10). Fig. 5 : Diagramme des rapports des premières phalanges antérieures des îles britanniques. Ligne de reference : Equus hemionus (données du tableau 10). size and in shape, although the relative sizes follow a similar pattern as in the metapodials. The OIS 6 horses have a relatively deep proximal epiphysis (V5). The OIS 11 and 9 material has relatively long infra-tuberosital segments (V12), which is a primitive evolutionary feature (Dive & Eisenmann, 1991) .
-POSTERIOR FIRST PHALANGES (TAB. 10)
There is no material from OIS 11 or OIS 8. The data for V5 and 10 on the OIS 6 material are not normally distributed (V5: n = 14, Shapiro-Wilk test statistic = 0.684, df = 14, p = 0.000; V10: n = 14, Shapiro-Wilk test statistic = 0.817, df = 14, p = 0.008). The Kruskal-Wallis test produces a significant result for both measurements (V5: n = 39, chi-square = 13.478, df = 2, p = 0.001; V10: n = 41, chi-square = 10.632, df = 2, p = 0.005). The ANOVA indicates that there is a significant difference in all measurements between phalanges from different oxygen isotope stages (tab. 11). The post-hoc tests show a significant difference between OIS 7 and OIS 6 for all measurements, between OIS 9 and OIS 6 in V1, 6 and 7, and between OIS 9 and OIS 7 in V6.
The log ratio diagram ( fig. 6) shows that shape is similar in all three samples. The OIS 6 material is clearly smaller and slightly more robust (V3) than the material from OIS 9 and 7, whereas the OIS 9 material is relatively slender (V3, 4, 5, 6 and 14) .
-DISCUSSION
The changes in size and shape displayed by horses from the late Middle Pleistocene of the British Isles are complex. As the size and shape of the skeletal elements is influenced by a large number of factors, identifying the causes of a particular change in size or shape is not straightforward.
The relative sizes of the material from the different oxygen isotope stages show a similar pattern in the metapodials and the first phalanges. The material of OIS 11, 8 and 7 is large, whereas that of OIS 9 and 6 is small. The metatarsals of OIS 9 are relatively larger than the 445 Tab. 10: Mean values of measurements on the anterior and posterior first phalanges of Equus hemionus (Dive & Eisenmann, 1991: 292) and Middle Pleistocene horses from the British Isles. Measurements according to Dive & Eisenmann (1991) . (Dive & Eisenmann, 1991 : 292) et des chevaux du Pléistocène moyen des îles britanniques. Mesures d'après Dive & Eisenmann (1991) .
Tab. 10. Valeurs moyennes des dimensions des premières phalanges antérieures et postérieures d'Equus hemionus
Tab. 11: Results of ANOVA of measurements on the anterior and posterior first phalanges (data from table 10). Tab. 11 : Résultats de l'ANOVA à partir des premières phalanges antérieures et postérieures (données du tableau 10). metacarpals, and to a lesser extent, this also holds for the metapodials of OIS 6. The size differences in the first phalanges are much less pronounced, although the limited amount of material precludes any definitive conclusions. In the dental elements, size differences are small between the OIS 11, 9 and 7 material, whereas the OIS 6 material is clearly smaller.
The large size of the OIS 11 horses can be attributed to their age, as the caballoid horses were large when they first evolved. In the metacarpals, the morphological characteristics that are influenced by long-term evolutionary trends are relatively advanced in the earliest horses studied here (OIS 11). The horses of OIS 9 are characterised by a return to a more primitive morphology. This could signify the migration of a population characterised by retention of or return to more plesiomorphic traits into the British Isles after the intervening glacial period of OIS 10. From OIS 8 onwards, a gradual development of the derived condition can be observed, culminating in the evolutionarily advanced OIS 6 horses. In the metatarsals, horses from all periods are of fairly advanced morphology, with the oldest horses (OIS 11) being the most primitive. The horses of OIS 6 show a flattening of the metapodials, which is an advanced evolutionary feature.
In the anterior first phalanges, the material of OIS 11 and 9 has relatively long infra-tuberosital segments, which is a primitive evolutionary feature (Dive & Eisenmann, 1991) . In the more advanced material from OIS 7 and OIS 6, the infra-tuberosital segments are smaller relative to the supra-tuberosital segments.
It is unknown if and to what extent changes in locomotion result in detailed changes in morphology in the metapodials (Bignon et al., 2005) . As the foreleg carries most of the weight and the hindleg mainly provides propulsion, the adaptations of the metacarpals and metatarsals are expected to differ. The distal keel of the metacarpals of OIS 11 and 9 is well-developed, whereas in the OIS 8, 7 and 6 horses, the distal keel is weakly developed. It is known that broad-legged animals live in humid environments, which would correspond well with the oceanic climate of OIS 11 and 9 (Shackleton & Opdyke, 1973; Foronova, 2006) . However, on the metacarpals of the OIS 11 and 9 horses only the distal epiphysis is strongly developed. On the metatarsals, both epiphyses are well-developed in the OIS 11 horses, but in the OIS 9 horses, the distal epiphysis is only weakly developed. The diaphysis is slender in both the OIS 11 and the OIS 9 horses, and the posterior first phalanges are slender in the OIS 9 horses. The Type III protoconal index of the OIS 11 dental remains, thought to be indicative of a cool to cold climate, adds to the ambiguity.
The small size of the OIS 9 horses may be related to a combination of high temperatures and a high humidity (James, 1970) . Alternatively, the scarcity of large carnivores in OIS 9 deposits (Schreve, 1997 ) may indicate lower levels of predation, resulting in a larger population competing for the same resources and a reduced selection pressure for larger body size. However, it should be kept in mind that there are only a few sites known that date from OIS 9 and therefore our knowledge of the fauna of this period is limited. The dental elements of these horses are relatively large when compared to the relative size of the limb elements due to the large genotypic influence on their size (Hillson, 2005) . Instances of disproportion between dental elements and metapodials, with the teeth being either larger or smaller than expected from the size of the metapodials, have been observed in various Pleistocene assemblages (Eisenmann, 1988) . The Type I protoconal index of the OIS 9 material is indicative of temperate conditions, which is in agreement with other environmental data for this period.
The weakly-developed sagittal keel and the relatively large breadths of the metapodials of the OIS 8, 7 and 6 horses may relate to the dry continental climate of all three phases (Ruddiman & McIntyre, 1982; Shackleton, 1987) . The large body size of the horses of OIS 8 could be a corollary of the low temperatures, as an example of Bergmann's rule, whereas the large body size of horses in OIS 7 could have been induced by the continental and thus seasonal climate that characterised this interglacial (Blackburn et al., 1999) . Temperate conditions are also implied by the Type I protoconal index of the OIS 7 material.
The OIS 6 horses have short, robust metapodials and first phalanges as an adaptation to the severe climatic conditions of this period. The protoconal index, which points to a Type II horse adapted to cold climatic conditions, is in agreement with this. The small size of the horses might have been induced by the severe conditions in which they lived, and this may imply a certain degree of isolation from populations in continental Europe.
-CONCLUSIONS
The study of horse remains from late Middle Pleistocene sites in the British Isles shows that horses displayed differences in size and shape throughout this period. The changes in size and shape do not appear to follow a unidirectional trend, but instead fluctuations can be observed, which can be interpreted as ecomorphological responses to the fluctuating climate of the late Middle Pleistocene. However, our knowledge of how climatic factors, coupled with characteristics of the horse population, horse behaviour and the composition of the fauna as a whole, influenced the size and shape of the horses is limited. Direct correlations of specific changes in size and shape with specific environmental factors or aspects of the animal community are therefore preliminary.
Long-term evolutionary processes produced gradual changes in the morphology of the metapodials and first phalanges. Changes in the dental elements, however, follow a different pattern from the changes in the leg bones. Because dental elements are influenced less by environmental factors and are more strongly controlled by genetic mechanisms (Hillson, 2005) , they are less phenotypically plastic. The size of the dental elements thus remains relatively stable over the course of the late Middle Pleistocene, with the exception being the OIS 6 horses, which can be characterised as a population under severe stress in a marginal environment. Changes in the protoconal index can be regarded as reflecting adaptation to differences in diet between cold and temperate conditions, although results for the analysis of this characteristic can be equivocal.
The horse populations of the various interglacial and glacial periods of the late Middle Pleistocene can be differentiated according to their size and shape. However, the horses of OIS 11, 8 and 7 are relatively similar in size and shape, although the limited amount of material does not allow for a definitive characterisation of the material of OIS 11 and OIS 8. When horse remains are analysed for biostratigraphic purposes, results from various skeletal elements need to be considered in conjunction, and of course all available information from other sources (e.g. geology, pollen analysis, absolute dating) should be taken into account.
It is to be expected that horse remains from mainland Europe, where climatic conditions were different from those in the British Isles for the greater part of the Middle Pleistocene, will not follow exactly the same pattern. Analysis of horse remains from the continent might shed light on migratory patterns and the processes that led to differences between the faunas of the British Isles and continental Europe. The research on the British material shows that horse remains can aid in establishing a biostratigraphic scheme. Study of horse remains from mainland Europe can potentially help solving the dating controversies surrounding some of the most important sites dating from the late Middle Pleistocene.
ACKNOWLEDGMENTS
I am particularly grateful to the curators of various museums who kindly provided access to material in their care. Dr. D. Schreve was of great help in accessing the British Middle Pleistocene collections and in providing information about the provenance of many specimens. I greatly appreciated the discussions with and helpful advice from Prof. T.P. O'Connor and Dr. S. Elton, and for their comments upon an earlier version of this paper. Dr. C. Solazzo helped with the French translations. I thank the two reviewers for their comments on the manuscript.
